Introduction: Information and communication technology (ICT) has emerged as promising to support health care consumers, including informal caregivers. This systematic review seeks to evaluate the state of the science of ICT interventions on the health of informal dementia caregivers. Methods: We searched PubMed, CINAHL, Web of Science, and PsycINFO using concepts associated with ICT, dementia, and caregiver. Studies were assessed using the Quality Assessment Tool for Quantitative Studies.
Introduction
Dementia is a major health problem, affecting an estimated 5.5 million Americans [1] . Up to 75% of people living with dementia in the United States are cared for by family members in their homes [2] . The Alzheimer's Association estimates that more than 15 million Americans are caring for family members suffering from dementia, providing an estimated 18 billion hours of unpaid care each year [1] . Providing care for an individual with dementia is challenging, and the detrimental effects of dementia caregiving on physical and mental health are well documented [1] [2] [3] . Dementia caregiver burden can adversely impact physical health, with 35% of dementia caregivers reporting that their health has deteriorated due to care responsibilities [1] . Evidence suggests that dementia caregivers have higher levels of depression, anxiety, and other mood disorders compared with caregivers of older adults without dementia [2, 3] . Dementia caregiving is also associated with family conflict and a decrease in social support and social interaction for the caregiver [4] .
Information and communication technology (ICT) has emerged as a promising mode of intervention to support health care consumers, including dementia caregivers. Information and communication technology consists of digital and analog technologies, including hardware, software, networks, and media, that facilitate collecting, capturing, storing, processing, transmitting, exchanging, and presenting information, and/or communication [5] [6] [7] . ICT interventions can improve decision confidence, reduce emotional strain, improve spousal relationship conflict, decrease activity restriction, increase self-efficacy, and decrease caregiver burden [5] [6] [7] [8] [9] [10] .
Researchers have demonstrated that technology-based interventions can improve outcomes among people living with chronic disease [11, 12] . In a systematic review that assessed the effectiveness of mobile technology interventions, the evidence suggests benefits for particular conditions including reduction of viral load among people living with HIV and increased perceived self-care agency in lung transplant patients [11] . It is less clear whether findings of the use of mobile technology interventions are clinically meaningful in other domains, such as diabetes, dieting, vaccine appointment attendance, cardiopulmonary resuscitation training, asthma control, physical activity, and psychological support, because of its small effects on these outcomes. A metaanalysis of the effectiveness of web-based interventions compared with non-web-based interventions on behavioral outcomes revealed improvements in outcomes for users of web-based interventions with chronic conditions [12] . Specifically, the evidence points to the effectiveness of webbased interventions to increase exercise time, knowledge of nutritional status, knowledge of asthma treatment, and participation in health care; slower health decline; improved body shape perception; and 18-month weight loss maintenance.
Similarly, ICT interventions have been shown to support effective care coordination through the use of telephone and email communication with dementia caregivers, reducing caregiver strain and depression [13, 14] . The Alzheimer's Caregiver Support Online intervention, a web-and telephone-based education and support network, was developed for caregivers of persons with progressive dementia [13] . Participants in the Alzheimer's Caregiver Support Online intervention, which was delivered during six web caregiving classes, reported significant pre-to post-test increases in self-efficacy for obtaining respite, responding to disruptive patient behaviors, and controlling upsetting thoughts about caregiving and improvements in emotional caregiver burden, but little or no change in positive aspects of the caregiving experience or time burden in providing caregiving assistance. Information and communication technology has been used to provide information, communication, and decision support, as well as to make available disease-specific information, private email, question-andanswer forums, and social support. Information and communication technology has also been used to assist caregivers with managing their health care services encounters and executing healthy behaviors for themselves and a family member with dementia [15] .
While research on ICT interventions indicates promising effects, the current state of the evidence has not been systematically evaluated among informal family caregivers of persons living with dementia. We conducted this systematic literature review to evaluate the state of the science surrounding the effects of ICT interventions on the health of informal dementia caregivers. We aimed further to critically appraise the quality of the research and findings for the studies included in this systematic literature review.
Methods

Systematic review protocol
The methods of this systematic review have been developed in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. We used a standardized protocol to identify randomized controlled trials (RCTs) that evaluated ICT interventions and guide data extraction from these studies for this systematic review. Details of the protocol can be found in Appendix A.
Criteria for inclusion
We included RCTs of ICT interventions for informal caregivers of persons living with dementia. Informal dementia caregivers include those who are primarily responsible for the well-being of a person living with dementia who requires assistance as a result of mental and/or physical deficits resulting from dementia. Studies were excluded if the person living with dementia was institutionalized, the intervention contained both ICT and non-ICT components, and the caregiver was professional, nonpersonal, or bereaved. Nonpersonal caregivers were defined as those without a prior relationship to the person with dementia. In this systematic review, dementia was identified using the terms dementia, Alzheimer's disease, vascular dementia, frontotemporal dementia, and dementia with Lewy bodies. The dementia could be mild, moderate, or severe. Studies conducted outside of the United States and conducted in languages other than English and Spanish were excluded. We limited studies conducted in the United States because of variation in health care delivery models across countries.
Selection of studies
We searched PubMed, CINAHL, Web of Science, and PsycINFO using search terms associated with the concepts of ICT, dementia, and caregiver. A detailed list of the terms harvested in this systematic review can be found in Appendix B. We did not impose date limits. However, this review reflects the latest search through July 2017. We selected studies for appraisal in a two-stage process. First, we searched for RCTs. Then, we searched for systematic reviews to identify RCTs that met the inclusion in this review. We hand-searched references in these review articles to identify studies that may have been missed in the initial search. Two primary reviewers (RW, KL) screened the titles and abstracts found in the initial search to identify potential studies for inclusion in the review. Two secondary reviewers (EAF, AGMP) performed a full-text screening and came to consensus on those studies that met the inclusion criteria. Any uncertainties were resolved through further discussion with comments made by a third reviewer (RJL).
Data extraction and analysis
Two reviewers (EAF, AGMP) independently recorded key features of each study to identify characteristics of the intervention and its evaluation, with discrepancies resolved by joint review and consensus with the principal investigator (RJL). Reviewers used a data collection form to record information on study author, intervention type, intervention description, who carried out the intervention, intervention dose, intervention intensity, control group type, dropouts, primary outcomes, and main findings. Studies were categorized based on the main technology that was used for the intervention (e.g., telephone-based) and to facilitate synthesis of the studies.
Two independent reviewers (EAF, AGMP) assessed the quality of the studies included in the review using the Quality Assessment Tool for Quantitative Studies [16] . The Quality Assessment Tool for Quantitative Studies is a reliable and valid instrument that can be used to rate the following criteria: selection bias, study design, confounders, blinding, data collection method, and withdrawals and dropouts. The developers of the Quality Assessment Tool for Quantitative Studies report a Cohen's kappa of 0.74. Each criterion is rated as weak, moderate, or strong. Any differences in quality ratings were clarified with a third reviewer.
Results
As illustrated in Fig. 1 , the initial search yielded 657 full-text publications with 53 duplicates that were removed. Title and abstract screening resulted in an additional 290 records being excluded (e.g., title and/or abstract did not mention evaluation of an ICT intervention), which resulted in 314 studies being reviewed in full-text for eligibility. There were 302 full-text articles excluded based on study inclusion and exclusion criteria and none were removed during data extraction. Data extraction and quality assessments were performed on 12 studies. The 12 RCTs that met our inclusion criteria were aimed at changing 18 caregiving-related outcomes (including outcomes of interest in this review).
Participant and sample characteristics
Not all of the studies reported the study participant's characteristics (see Table 1 ) [17, 20] . In studies that reported gender [9, 18, 19, [21] [22] [23] [24] [25] [26] [27] , most participants were female caregivers except in one study that had 100% male caregiver participation [26] . In eight studies that reported race [9, 18, 19, [21] [22] [23] [24] 27] , only white and black race were reported with white caregivers being more than a majority of the participants within each study (i.e., 68.3% to 96.0%). Three of the 14 studies reported ethnicity [18, 19, 25] , including 2% Hispanic in one study, 1.3% Filipino in another study, and 100% Chinese American in a single study.
The type of intervention, the person who carried out the intervention, intervention dose and intensity, and outcome measures varied (see Table 1 ). Half of the studies evaluated a telephone-based intervention [17] [18] [19] [20] [21] [22] , four studies tested a video-based intervention [23] [24] [25] [26] , and the remaining two studies evaluated a computer-based intervention [9, 27] . A wide array of individuals, including nurses, social workers, care consultants, behavior change counselors, coaches, and group leaders delivered the intervention in 1 of 6 studies, and therapist delivered the intervention in two studies [20, 21] . In four studies [9, 18, 19, 27] , the intervention was self-directed and used no interventionist. The intervention dose varied from ad lib intervention self-exposure to daily, weekly, biweekly, and monthly follow-up contacts with an interventionist. The intervention duration ranged from 2 months to 1 year. For studies that reported intervention intensity, telephone-based ranged from 1 minute to 1 hour, video-based included 5-to 90-minute telephone session and multiple video viewings, and computer-based encounters averaged 13 minutes. Of the 12 interventions, ten targeted increasing caregiving support, one aimed to improve caregiver health [24] , and one sought to improve caregiver's skills for resource utilization [17] . Most studies reported on a variety of caregiver self-reported emotional and mental health outcome measures, including burden, depression, anxiety, social isolation, relationship strain, satisfaction, decision-making confidence, self-efficacy, personal affect, upset and annoyance, bothersome nature of caregiving, and reactions to problematic behaviors exhibited by the person living with dementia. There were four studies that collected personal and physical health outcome measures; including service utilization, exercise, and self-reported self-care, well-being, and personal gains [17, 19, 22, 24] .
Quality of randomized controlled trials
Inter-rater agreement for two reviewers on the six components of the Quality Assessment Tool for Quantitative Studies was 83.33%. Based on judgment of the raters, four studies were scientifically strong overall (see Table 2 ) [9, 18, 21, 23] . These four studies reflect diversity in the type of ICT interventions, delivery modes, and dosing and intensity of the interventions. However, the caregiver outcomes measured were similar across the four studies. A closer look at the quality components and ratings of the four studies reveals that the designs and data collection methods were strong in all studies, selection bias was problematic in all studies (i.e., moderate ratings), and blinding was a concern for most studies (i.e., moderate to strong ratings). The five studies that were rated moderately strong overall had one weak component [17, 22, 23, 25, 27] . The three weak studies overall had one or two components that were rated as weak [20, 24, 25] .
Effect of interventions
We categorized the studies into groups based on the technology that was used for the intervention. The three technology groups were telephone-, video-, and computer-based interventions. See Table 1 for detailed descriptions of the studies included in these results.
Telephone-based interventions
Among the twelve studies evaluated, six were telephonebased interventions of which five used an interventionist and one was self-directed. Two studies were scientifically strong overall [18, 21] . Three interventions resulted in a significant effect on caregiver-related outcomes and all of these interventions were individual level encounters with interventionists [17, 20, 21] . Two of the three statistically significant studies aimed to improve coping whereas the other focused on improving utilization of community resources. This was achieved through psychosocial support from a therapist and establishing an individualized plan of care with a care consultant, respectively. The dosing and intensity varied across the three statistically significant interventions. All three studies evaluated the effect of the intervention on multiple caregiver outcomes. In the two studies that used a therapist, the results included a decrease in burden (P 5 .01) [20] , depressive symptoms (P 5 .003) [21] , and caregiver's reactions to frequency and bother of dementia behaviors (P 5 .01; P 5 .009) [20, 21] . In the one study that used care consultants, caregivers decreased service utilization (P .01), depression (P .05), relationship strain (P .05), and had increased satisfaction with managed care (P .05) [17] .
Video-based interventions
Four studies evaluated primarily video-based interventions, one of which was overall scientifically strong [23] . The video-based interventions were either stand-alone or had an additional ICT component (e.g., telephone followup), and self-directed or delivered by an interventionist. Three interventions had statistically significant effects on seven caregiver outcomes [23] [24] [25] . The interventions were targeted at improving caregiver health (i.e., physical fitness) and providing caregiver support (i.e., teaching caregiving strategies for promoting independence of the person living with dementia and coping skills). None of the studies had a prescribed dose, but the intervention duration varied from 2 to 6 months. Three of the four interventions included telephone support throughout the study period. The frequency of telephone contact was only reported in one study. A nurse made weekly support phone calls. The video-only intervention resulted in an increase in positive affect (P 5 .01) and a decrease in the bother of dementia behaviors (P 5.012) [25] . With the video plus telephone support intervention, caregivers increased their satisfaction (P 5 .015) [23] , physical activity (P , .01) [24] , exercise self-efficacy (P , .01) [24] , and decreased depression (P 5 .02) [23] , anxiety (P 5 .01) [23] , and stress (P , .05) [24] .
Computer-based interventions
We identified two studies that evaluated computer-based interventions. Only one of the studies was scientifically strong overall [9] . Nonetheless, both studies evaluated interventions that had significant effects on caregiver outcomes. The interventions consisted of educational modules and videos, decision support, and communication features. There was no prescribed dose for these self-directed interventions that lasted 3 months and 1 year. On average, caregivers accessed the interventions six to eight times each month. While the aims of the interventions were alike (i.e., provide caregiver support), the caregiver outcome in Kajiyama's study (2013) was stress, whereas caregiver decisionmaking confidence and social isolation were the outcomes of Brennan's study (1995). Kajiyama's computer-based intervention had a significant effect (P 5 .017) in decreasing stress, and Brennan's significantly improved decisionmaking confidence (P , .01) but did not affect social isolation (P 5 .51) [9, 27] .
Discussion
Our systematic review of ICT interventions for informal caregivers of persons living with dementia identified 12 studies describing 11 different interventions. There was no uniformity of outcome measurement, and among these studies, 18 caregiver-related outcomes were evaluated. The studies varied in the intervention technology, methods of implementation, results, and the quality of intervention evaluation. In general, the methodological quality of the included studies was moderate to strong, with three weak studies. Six of the studies used telephone technology alone and an additional two studies included telephone communication with a primary technology (i.e., video).
While one might have assumed that we would have identified more computer-based interventions, with the advent of the computer and rapid advances in information and communication via the web, there were very few that satisfied our inclusion criteria. Moreover, the two computer-based studies NOTE. A: selection bias, B: study design, C: confounders, D: blinding, E: data collection methods, F: withdrawals and dropouts; R1 is quality assessment rater 1 and R2 is quality assessment rater 2; 1 5 strong, 2 5 moderate, 3 5 weak.
*Each rater assigned an initial global rating and disagreements were discussed with the principal investigator to determine the adjusted global rating.
that were included were not necessarily dependent on advances in technology. In fact, the study conducted by Brennan et al. in 1995 was the first among ICT interventions in this review to evaluate whether the use of a computerbased network could positively influence confidence in decision-making among caregivers. Even though both computer-based interventions aimed to provide caregiver support, each study evaluated the effects of the ICT intervention on different caregiver outcomes (i.e., stress and decision-making). Nevertheless, Brennan's evaluation of a computer-based network was one of four scientifically strong studies found in this systematic review. Different forms of affective responses to caring for a person living with dementia, such as burden, stress, and anxiety, fit within the conceptualization of a stress response that could be mediated by effective coping [28] . More than 200 non-ICT dementia caregiver interventions have been found to be efficacious in RCTs during the past 3 decades [29] . Nevertheless, these studies typically rely on convenience samples, which may limit generalizability of the findings [30] . Like previous non-ICT studies, the ICT caregiver intervention studies we reviewed applied a stress response framework and relied heavily on convenience samples. The result is that the health (e.g., biophysiological health maintenance and/or promotion) and health care needs (i.e., annual primary care wellness visits) of caregivers often goes unaddressed by most dementia caregiver interventions. However, there was one exception in which the ICT intervention had a statistically significant positive effect on caregiver's exercise and exercise self-efficacy [24] .
There is limited evidence about the benefits of ICT interventions for population subgroups by race/ethnicity, gender, geographic location, and long-distance and multiple caregivers [29] . We found that most participants included in the studies for this review were female and white. Notably, ethnicity was only reported in three studies. Information and communication technology innovations are advancing at a rapid pace and most enable low cost interventions. Notably, ICT interventions can be tailored with content based on race/ethnicity, location, caregiver responsibilities, and age of caregivers, as well as the health and health care concerns they face during the life-course of dementia [11] . However, there is much to be learned about the effects of ICT interventions on different groups of informal family caregivers of persons living with dementia.
The studies identified for this systematic review varied in methodological quality. Although most studies had at least moderate quality, all were found to have selection bias by both raters that compromises the reliability and validity of the intervention evaluation. Nearly all of the outcome measures were self-reported. Although this is typical in caregiver studies, self-report is subject to bias from over-and underreporting of affective responses to caring for a person living with dementia [31] . Studies varied considerably with respect to intervention dose and intensity, thus making it difficult to integrate the study's findings. A similar problem applies to the configuration of the interventions: they varied in the unit of exposure (i.e., individual vs. group), information and communication technologies used (e.g., video-based only or video-and telephone-based), use of the technology (e.g., direct telephone contact with an interventionist vs. automated interactive voice telephone response system), and those who carried out the intervention (i.e., an interventionist or self-directed). A number of studies reported analyses of multiple affective outcomes, but none reported adjusting for multiple hypothesis testing. Some significant findings may therefore have been attributable to chance [32] . These issues made it difficult to come to a general conclusion about the effect of ICT interventions.
Limitations of systematic review
We recognize that our systematic review has limitations. First, because we included only RCTs in our systematic review, ICT interventions such as television media campaigns not evaluated using an RCT design might have had a significant effect on caregiver outcomes. Next, we chose not to attempt to include ICT interventions that targeted professional caregiver behaviors that could affect informal caregiver outcomes because our aim was to identify the effects of ICT interventions in the developing field of consumer health informatics rather than to assess the effectiveness of a particular intervention or categories of interventions. Finally, it is possible that our review missed some ICT intervention trials that had a statistically significant effect on caregiver outcomes because we included only four of ten types of dementia, but this seems unlikely given that Alzheimer's disease, vascular dementia, frontotemporal dementia, and dementia with Lewy bodies are the most common.
Conclusions
The findings of this systematic review provide the first glimpse at the effects of ICT interventions for informal caregivers. We identified a limited number of ICT intervention studies that reported a statistically significant effect on informal caregiver outcomes. Nonetheless, a range of ICT interventions including, telephone-, video-, and computerbased interventions appear to be successfully targeting caregiver support for a range of affective caregiver outcomes, including burden, depression, and anxiety. The evidence, although limited, is strongest for various forms of telephone-based interventions based on the quality of the studies and the effects of the interventions. Telephone technology can be used effectively as a stand-alone intervention or in tandem with other ICTs. Further research is needed to validate current ICT interventions to establish generalizability of each modality. Our review serves as a comprehensive survey of the current state of effective ICT interventions for informal caregivers which can be used by policymakers and researchers to guide further development of interventions strategies in improving caregiver health.
